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In order to develop a facile preparative method for 
the synthesis of the physiologically active alkaloid 
tylocrebrine and its analogues, and to further examine 
the relationships between chamical structure and 
physiological activity, a new approach to the preparation 
of phenanthropiperidines and phenanthroindolizidines 
was devised and investigatedo 
Michael reactions between methoxyl substituted 
ethyl cinnamates and phenylacetonitriles proceeded 
smoothly to yield four new ethyl- if -cyano- ̂  , ̂  -
diphenylbutyrateso These compounds underwent- reductive 
cyclisation by catalytic high pressure hydrogénation to 
give the corresponding N-ethyl 3, 4-diphenylpiperidines 
in good yield. The mechanism of the reduction reaction 
was elucidated and found to proceed via an oC -piperidone, 
which is further reduced to a secondary amine, and then 
alkylated at the nitrogen by the alcohol present as 
solvent© 
Benzylic bromination - dehydrobromination followed 
by ring closure of the stilbene derivative under the 
influence of ultraviolet light is being investigated aa 
a means of converting 3, 4-diphenylpiperidines to 
phenanthropiperidineso This approach was necessary because 
conventional mild dehydrogenating agents failed to 
produce the required conjugated double bond between the 
two phenyl substituents at the 3 and 4 positions of the 
piperidine ring« 
The inclusion of either an ortho-nitro or an ortho* 
iodo group on one of the phenyl substituents of the 
piperidine ring has also been examined as a means of 
effecting ring closure to phenanthropiperidine 
derivativeso Experiments to achieve this are still in 
progress o 
2. INTRODUCTION AND AIMS 
Alkaloids containing a phenanthroindolizidine skeleton 
(I) in their structure are known to occur in two unrelated 
plant families viz. Asclepiadaceae and lybraceae. The inain 
interest so far has been centred on the plants of the genus 
Tylophora (family Asclepiadaceae). They are in general 
slender vines and are distributed over a wide geographical 
area including the Indian Subcontinent, Indonesia, 
Phillipines and Northern Australia. Individxial species 
possess varying degrees of vesicant activity and some have 
enjoyed reputations as herbal remedies. 
The first isolation of active constituents was reported 
by Hooper^^^ in 1891 who extracted a small amount of a 
crystalline alkaloid from Tylophora asthmatica (now T. indica), 
(2) 
an Indian Plant. Later Ratnagiriswaran and Venkatachalam^ ̂  
isolated two alkaloids tylophorine and tylophorinine from 
the same plant. 
In 1954 Govindachari et al.^^^ reisolated tylophorine 
and tylophoripine, in pure crystalline forms, and showed 
that the correct molecular formulae are and 
^23^25^4^ respectively. The structures of both alkaloids 
were established by the same authors^^' ̂ ^ ^^ who in 1960 
synthesised tylophorine (11)^^^ and in 1965 tylophorinine 
3 0009 02987 9819 
s< 
From an Australian species X. Grebriflora, Gellert, 
Govindachari and co-workers^^^ described the isolation of 
tylocrebrine together with small amoimts of its isomer 
tylophorineo The same workers elucidated the structure 
of tylocrebrine as (IV) and confirmed this by synthesiso 
The presence of phenanthroindolizidine alkaloids has 




















tylophorine and antofine 
antofine^^^^ 
(11) 
Antofine, although its structure is not yet completely 
evaluated seems, on the basis of spectral evidence, to be 
either 2, 3, 6 trimethoxyphenanthro 9, 10, 6% 7' - indolLzidine 
(12) 
(V) or its 3, 6, 7 trinaethoxy isomer (VI) ̂  \ 
Because the parent ring system (I) is not included in 
»•The Ring Index" (Patterson et al. 1960) the numbering and 
nomenclature used in this thesis is that proposed by Rudzats 
(1962) ̂ ^^^ The structures as determined by degradative and 
spectral evidence and confirmed by comparison with the 
synthetic confounds are shown in Figo lo 
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The phenanthroindolizidine skeleton in alkaloids is 
not confined to plants of the family Asclepiadaceae as 
tylophorine, tylocrebrine and the seco-phenanthroindolizidine 
alkaloid septicine (VII) also occur in the plant Ficus 
(13) 
séptica of the Moraceae family^ 
At present Rao and Wilson^^^^ are re-examining a 
number of species of the genus Tylophorai and have so far 
isolated some new, as yet tmnamed, alkaloids with phenan-
throindolizidine ring systems and possessing various 
methoxyl and phenolic hydroxyl substitution patterns. They 
also isolated a small amount of septicine from Tylophora 
crebriflora» It is interesting to note that cryptopleurine (VIII), 
an alkaloid with the closely related phenanthroquinolizidine 
(14) 
ring system, occurs in Cryptocarya pleurosperma^ a 
species of the taxanomically distant Lauraceae family. 
Cryptopleurine and an unnamed seco-phenanthroquinolizidine 
alkaloid (IX) have recently been isolated from Boehmeria 
platyphylla (family U r t i c a c e a e ) T h i s unnamed alkaloid 
is important in that it bears the same relationship to 









Seco-oiy pto pleurine 
Fig. 2 
Sjmthesis of tylophorine was first accomplished in the 
following way: 2, 3, 6, 7- tetramethoxy-9-chloromethyl-
phenanthrene was treated with pyrryl magnesiiom bromide 
yielding 2- (2, 3, 6, 7- tetramethoxy-9-phenanthrylmethyl 
pyrrole (X) which was reduced to the corresponding pyrrolidine. 
The N-formyl derivative of the latter imderwent cyclisation 
which phosphorous oxychloride to the quaternary salt (XI). 
This was reduced with sodium borohydride to the (i) tylophorine 
which was resolved through (+)-caii5)hor-10-sulphonic acid. 
Tylocrebrine was synthesised by the same method using 
3, 4, 6, 7 tetramethoxy-9--chloromethylphenanthrene as 
starting material^^\ 
(27) 
Geliert and co-workers^ ^ have re-s5ncithesised the 
basic phenanthroindolizidine ring system by modification of 
the method usedi for the synthesis of cr3^topleurine. 
9-Phenanthrylmethyl chloride was condensed with benzyl-L-
prolinate in the presence of potassium carbonate and with 
methanol as solvent to give the methyl ester (XII) formed by 
transesterification during the condensation reaction. This 
ester was then hydrolysed to the corresponding proline 
derivative which cyclized - using polyphosphoric aicid - to 
the phenanthroindolizidone (XIII). Reduction of the amino 
ketone was achieved by the Huang-MLnlon modification of the 
Wolff-Kisner reduction yielding the racemate (I)̂  
J. H. Kussel reported cyclisation of the alkaloid 
1 1 o 
septicine (VII), on exposure to ultraviolet light, to a 
mixture of, among others, tylophorine and tylocrebrine. 
This is of interest as it bears an important relationship 
to the problems associated with the present work. Attempts 
to confirm this report by repeating the experiment have so 
far been unsuccessful^^^\ 
Tylophorine and tylophorinine have long beenknown for 
(10 17") 
their emetic properties and vesicant activity^^^ ^o 
Most of the alkaloids from the genus Tylophora which 
retain the phenanthroindolizidine ring system exhibit to 
c^oxic activity to HeLa cells grown in culture. The 
activity depends on the nature and position of substituents. 
Members with phenolic hydroxyl groups are more active than 
those having their phenolic groups completely methylatedo 
However, most interest in this group has stemmed from the 
fact that tylocrebrine and some of its demethylated 
analogues have exhibited high activity against L5miphoid 
Leukemia L1210 in mice« Although the cytotoxicity against 
HeLa does not parallel the activity in L1210 with respect 
to dose or degree, most of the members which are active in 
the tissue culture are also active against L 1 2 1 0 o 
Present methods for the s5mthesis of phenanthroindoliz-
idine alkaloids are specialised ones, include expensive 
reduction steps, and cannot be extended to the preparation 
of a wide variety of analogueso Therefore, in order to 














F ig . 3 
and its analogues and to examine further the correlation 
between biological activity and chemical structure, a 
versatile, non-specific, preparative method for these 
con^iounds must be developed o 
This project was confined to the development of a 
general method for the preparation of substituted 3, 4 
diphenylpiperidinesand 3, 4 diphenyl- piperideines as 
possible intermediates in a completely new synthetic route 
to phenanthroindolizidine alkaloidso 
THEOREHIGAL SECTION 
(a) The Michael Reaction bet^en Ethyl Cimnama^es and Phenvlacetonit riles o 
The Michael reaction.̂ ^̂ » ^^^ - in its original scope -
is the addition of a donor molecxile, containing active 
hydrogen to a carbonyl group, to an acceptor,, usijally a 
carbon - carbon double bond that forms part of a conjugated 
system of the general formula C = C - C=^0. By extension 
of the original scope, the reaction now includes donors 
activated by groups other than keto or ester carbonyl. In. 
our synthetic approach we selected phenylacetonitriles as 
donors and , ̂  unsaturated esters as acceptors® 
The ̂ íLchael reaction differs from other methods of 
alkylating molecules containing active methylene groupa in 
that the base which abstracts a proton from the donor is 
regenerated« In most cases, therefore, only a catal5rtic 
amotint of base is required. Furthermore, the reaction step 
in which the new carbon - carbon bond is formed is a 
reversible one and the product itself is potentially capable 
of further transformations, (Fig. 4) As both reversal and 
side reaction equilibria are operative the reaction is 
liable to produce a variety of by-products (e.go Retrograde 
and Abnormal Michael reactions) if the correct conditions 
are not chosen» Isolation of the desired products is 





















products are compounds with very similar physical properties« 
This makes pirrification difficult if and when the reaction 
is either inconç)lete or large amoimts of by-products are 
present « 
Earlier investigators reported two approaches to the 
synthesis of 3, 4-diphenylpiperidineso The method of Kost 
and Terentyev^^^^ is based on a Michael condensation between 
cinnamonitriles and phenylacetonitriles followed by reduction 
of the products with sodium in n-butanol. Spence (Honours 
Thesis 1966) repeated some of these experiments but experienced 
considerable difficxxlties in isolating pure îyfiLchael products® 
Another limiting factor of this approach is its length as 
preparation of substituted cinnamonitriles requires a three 
step reaction sequence starting from the corresponding 
cinnamic acids« 
(21) 
The method described by Barr and Cook^ ^ proceeds 
through condensation of ethylcinnamate; with phenylacetonitrile: 
followed by the reduction of the product, ethyl ^-cyano-
i 
-diphenyl-butyrate, to N-ethyl 3, 4-diphenylpiperidine 
by catalytic, high pressure, hydrogénation« Spence 
successfully repeated these experiments and prepared N-ethyl-
3, 4-diphenylpiperidine in good yield« Since substituted 
phenylacetonitriLes were readily available commercially and 
ethyl cinnamates are readily prepared from the corresporxiing 
cinnamiLC acids the present work was confined to investigating 
this approach« 
The Michael reaction between ethyl cinnamates and 
phenylacetonitriles was carried out with starting materials 
yielding adducts possessing four different methoxyl 
substitution patterns (TABLE 1). In all cases the desired 
products were obtained in pure crystalline forms and in 
good yield o However introduction of an ortho-nitro group 
on the ring of an ethyl cinnamate resulted in the formation 
of a mixture from which no tractable product could be 
isolated. 
In our experiments best yields were obtained by the 
following procedure« Equimolar amounts of the ethyl 
cinnamate and the phenylacetonitrile were mixed and warmed 
till molteno The sodium ethoxide catalyst (0o2 • 0.3 mole), 
in ethanol solution, was then added to the melt with 
stirringo The initial temperature, together with the heat 
evolved during the reaction, assured rapid condensation. 
The mixture was immediately cooled to limit side reactions, 
as far as possible. Under these conditions the products 
usually solidified at 0° within 24 hours.. They were washed 
first with dilute acetic acid and then with water to remove 
the catalyst and the solids were recrystallised from 
dioxan/water then alcohol/water and finally benzene/petroleum 
ether. 
Ester 
R - CH = CH-COOEt 
Nitrile 




K Phenyl R» = Phenyl 
Colourless needles 
a (lit M.P. 99°) ^^^^ 
Yield : 91% 
R = 4-methoxy-
phenyl 
R' = Phenyl 
Colourless needles. 
M.P. IO8O 
Yield : 85% 
R = 3, 4-dimeth-
oxyphenyl R' = Phenyl 
Colourless neediest 
M.P. 125° 
Yield : 87% 
a = 3, 4-dimeth-
oxyphenyl 




Yield : 85% 
R = 3, 4-dinieth-
oxyphenyl 




Yield i 93% 
Notie: Only con5>oiinid marked a has been previously reported 
in the literature® 
TABL£ 1 
3o THEORETICAL SECTION 
b) High Pressure Catalytic Hydrogénation 
In an article entitled '^Sjmthesis of Piperidine 
Derivatives", Barr and Cook^^^^ described the high pressure 
(22) 
hydrogénation, with copper chromite catalyst^ \ of 
ethyl X - cyano - , ̂ ^ - diphenylbutyrate to a number 
of N - alkyl 3, 4-diphenyl piperidines. 
Ethanol, methanol, n - butanol and dioxan were used 
as solvents for the reduction and in all cases, except 
^lere the inert solvent dioxan was used, the alkyl group 
on the nitrogen corresponded to that of the solvent alcohol. 
In dioxan, the major product was N-ethyl 3, 4 - diphenylpip-
eridine together with a small amount of a neutral compound 
the melting point of which corresponded to 4, 5 - (23) 
diphenylpiperidone - 2 previously prepared by Koelsch^ o 
On this basis Barr and Cook proposed a mechanism for 
the reduction which proceeded via ano^ - piperidone« This 
was further reduced to a secondary amine and was subsequently 
alkylated at the nitrogen by the alcohol used as solvent, 
or in the case of dioxan by the small amount of ethanol 










Mechanism Proposed tiy Barr and Cook. 
Fig. 5 
Spence repeated the reduction of the cyano-ester in 
ethanol aiKi in a different inert solvent, cyclohexane. In 
both instances the only product isolated was N-ethyl 3, 4-
diphenyl-piperidine; the yield, when cyclohexane was used, 
being greater than when the reaction was carried out in 
ethanolo He argued that if the solvent is the alkylating 
agent, the yield of tertiary awLne should be far greater 
if the reduction is carried out in ethanol than when it is 
carried out in cyclohex^e® 
On this basis, he proposed an alternative mechanism 
to that of Barr and Cook» His proposed mechanic incorporated 
migration of the alkyl group from the oxygen of the original 
ester to the nitrogen of the new base© The formation of 
different Nr-alkylpiperidines was explained by a 
transesterification reaction, between the alcoholic solvent 
employed and the ethyl ester, preceeding the migration 
stepo (Figo 6) 
O 0 
0 
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Mechanism Proposed hy Spence 
Fig. 6 
13o 
As one of the aims of this project was to distinguish 
between these two possibilities the following experiment 
was devised» 
If the amount of an alcohol (e.g« i^thoxypropanoit) used 
in an inert solvent was equimolar with the cyano-ester, then 
the possibility of transesterification would be virtiially 
removed by concentration effects. Identification of the 
N-alkgrl group after reduction under these conditions would 
determine whether it originated from the ester group or directly 
from the solvent. Accordingly, the cyano-ester was reduced in 
cyclohexane solution containing l-methoxypropanol-2 equimolar 
with the ester. Two major products, one neutral and one basic, 
were isolated as crystalline material. Several others, 
including N-ethyl 3, 4-diphenylpiperidine, were shown to be 
present by thin layer chromatography on silicia. 
The melting points of the two crystalline compounds 
corresponded to 4, 5-diphenylpiperidone-2 and 3, 4-diphenyl-
(21) 
piperidine which had previously been reported by Barr and Cook^ 
and by K o e l s c h ^ ^ \ As melting points were the only means of 
correlating our results with previous reports spectra of these 
two compounds were examined to confirm their identity. 
The infrared spectrum of 4, 5 diphenylpiperidone-2 
showed a carbonyl band at 1670 cm*"^ and an NH stretching at 
3190 cm"^ both in the regions^ expected for a six membered 
lactam. The ultraviolet spectrum s h o w ^ maxima at 252, 257 
and 264 indicating the saine chronphoric system as 
N-ethyl 3, 4-diphenylpiperidineo The infrared and ultra-
violet spectra were practically identical with those of one 
of its isomers 3, 4--diphenylpiperidone -2 prepared and 
reported by Mortimer^^^^o ^ N<,M«Ro spectrum measured in 
deuterated chloroform showed signals at T'2»8 and 3o2 (large 
multiplets, 10 phenyl protons), 6o4 (broad multiplet, 4 
protons H4, H5 and 2H6), 7o2 (doublet, 2 protons 2H3) and 
3o2 (singlet, 1 proton EL). 
The infrared spectrum of 3, 4-diphenylpiperidine closely 
resembled that of N-ethyl 3, 4-diphenylpiperidine but 
showed N-H stretching at 3,330 cm"^. The U^V. Spectrum 
showed maxima at 252, 257 and 264 nryx and was almost 
identical with that of 4, 5-diphenylpiperidone-l and 
N-ethyl 3, 4-diphenylpiperidineo Its N.M.R. spectrum 
measured in dmiterated chloroform showed signals at ^ 
(broad multiplet, 10 phenyl protons) and a series of broad 
complex multiplets from'T 6.1 to 9^0 corresponding to the 
remaining 9 protons o TMs spectrum was not sufficiently 
resolved to assign all the signals accurately« 
When the reduction was carried out in pure cyclohexane 
the same two crystalline compounds were the main products® 
The fact that these results were not in accord with those 
of previoxis workers, as no tertiary amines were present in 
significant amount^ was probably caused by the temperature 
and hydrogen pressure eiiç>loyed being lower than those 
reported by thenio However the isolation and identification 
of intermediates of the reduction sequence indicates that 
the mechanism postulated by Barr and Cook is the correct one. 
Several other experiments were carried out to reproduce 
the actxial reduction in ethanol as a sequence of the 
separate steps« (Fig. 7). 4, 5- Diphenylpiperidone-2 was 
reduced to 3,4 -diphenylpiperidine by two different methods, 
namely catalytic hydrogénation in cyclohexane with copper 
chromite and by using diborane« The identity of the 3, 4" 
diphenylpiperidine produced in both iaases was confirmed by 
comparison of their spectra with those of an authentic sample 
- and by melting point and mixed melting point determinations 
both on the base itself and on its N-nitroso derivative. 
This secondary amine, under conditions of the high 
pressure reduction in ethanol with copper chromite catalyst 
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4,^dipheDylpiperidon^2 (top) 
3» i^diphenylpi peri dine 
Z8 
All foiir methoxyl substituted cyanor-esters listed in 
Table 1, have been reduced to the corresponding N ethyl 3, 4-
diphenylpiperidine derivatives. The results are listed in 
TABLE 2o Experiments to produce the corresponding amides 
and secondary amines by carrying out the reduction in 
cyclohexane are still proceeding. 
Cyano-Ester ^ V ^ COOEt 
R'-̂ CN. 
Reduction Product 
R = R* = Phenyl 
Colourless needles M.P. 68® C 
a (lit MoP. 
R = 4-methoxyphenyL 
R' = Phenyl 
Colourless needles M.P. 73® C 
Hydorchloride M.Po2380 C 
R = 3, 4-diinethoxyphenyl 
R' = Phenyl 
Colourless needles M.P. 86o C 
Hydrochloride M.P.238® C 
R = 3, 4-dimethoxyphenyl 
R* = 4-methox3^henyl 
Colourless needles M.P« 60® C 
Hydrochloride M.P.199® C 
R R' =^3, 4-dimethoxy-
phenyl 
Colourless needles M.P. 130° C 
Hydrochloride 
Note: Only compotmd & was previously reported in the 
literature« 
TABLE Z 
N-ethyl 3, 4-diphenylpipericiine has two asymétrie 
carbon atoms arid therefore can form 2 racemateso Barr and 
Cook described them as: 
Form A.: M.P^ 68° Hydrochloride M»P. 268° 
Form B: M.F. 3Q° Hydrochloride M.P. 273° 
stating that the total yield of base after reduction of the 
cyano-ester in ethanol was 94% two thirds of which was form 
Ac 
In our experiments form A was also the main product; 
70% of the total yield of base crystallised as needles of 
M.P- 68°o No attempt has yet been made to isolate the 
other isomer in its pure form. However, the non-crystalline 
base remaining after separation of form A was converted to 
its hydrochloride of M-P. 273° indicating that it probably 
consists mainly of form B; i.eo tha other racemate« 
4, 5-diphenylpiperidone-2 and 3,4 diphenylpiperidLne 
should also form 2. racemateSo There is no evidence, however, 
to suggest that isomers of these compoiinds have been 
encountered in our experiments® Thin layer chromatography 
on silicia and recrystallisation to constant melting point 
indicate that both compounds reported here are pure isomerdLc 
forms* 
Chromatography and recrystallisation to constant 
melting point indicate that the four new substituted N-ethyl 
3, 4-diphenylpiperidines prepared also consist of only one 
racemateo 
3. THEORETICAL SECTION 
(c) Conversion of 3, 4-DiphenyIpiperidines to 
Phenanthropiperidines 
It is known that some stilbene derivativescyclise 
to phenanthrenes either by irradiation with ultraviolet 
l i g h t ^ ^ ^ or by way of the Pschorr synthesia^^^^o 
Accordingly, the next step in our reaction sequency is the 
introduction of a double bond between the two benzene rings 
in the 3 and 4 positions of the piperidine ringo 
i) Conversion of 3, 4-Diphenvlpiperidines to Stilbene 
Derivatives - 3, 4-Diphenvl- a 3 -piperideines 
As N-ethyl 3, 4-diphenylpiperidine had already been 
prepared oxidation experiments were carried out on this 
compound. The fact that the benzyl positions are reactive 
ones and that the introduction of a A 3 double bond in the 
piperidine ring would give rise to a new conjugated system 
encouraged us to assume that such an oxidation should proceed 
smoothly« Our approach to this reaction was based mainly 
on information given in three recent works^^^^ 25)^ which 
contain comprehensive reviews on current oxidative methods• 
Spence (Honours Thesis 1966) attempted oxidation with 
chloranil and also allylic bromination with N-bromosuccinimide 
followed by dehydrobromination, as means of introducing a 
double bond into this system. Both methods appeared to be 
xjnsuccessful. In this project we investigated the action, as 
oxidising agents, of selenium dioxide, lead tetraacetate. 
mercuric chloride, and palladium on charcoal with maleic 
acid, and are at present modifying the reported unsuccessful 
bromination - dehydrobromination procedure. 
Oxidation with Selenium Dioxide 
Selenium dioxide is extensively used as an oxidising and 
dehydrogenating agent, particularly in the steroid 
field^^^' We attempted this oxidation in alcohol under 
reflux, in glacial acetic acid at 100^ and in boiling acetic 
acid. In each experiment a fine precipitate of elemental 
selenium was formed but recovery of bases yielded unaltered 
starting material almost quantitatively. 
(25) Oxidation with Lead Tetraacetate^ ^ 
Lead tetraacetate, a powerful and versatile oxidising 
agent is reported to have two general modes of action in 
the absence of easily oxidisable functional groups (e.g. 
hydroxyl or carbonyl). The most common action is 
acetoxylation of allylic, benzylic or other activated carbon 
atoms. If, however, a new conjugated system can be easily 
formed, lead tetraacetate can act as a dehydrogenating agent 
and can, if possible, induce aromaticity. 
We attempted oxidation of N-ethyl 3, 4-diphenylpiperidine 
in glacial acetic acid. The experimental conditions varied 
from 1 hour at 50° to 4 hours under reflux. In each 
experiment the reaction mixture was poured into water and the 
bases extracted after removal of lead ions as lead sulphide« 
As with selenixjiii dioxide oxidations unchanged starting 
material was recovered almost quantitatively after each attempt. 
Oxidation with Mercuric Chloride 
(26) 
Mercuric ion, in the form of either the chloride"""' or 
acetate^^^^ has often been used as an oxidising agent. Linde 
and Ragab^^^^, working with aporphine alkaloids, recently 






The procedure was followed, as described, in a buffered 
aqueous solution of the hydrogen sulphate salt of N-ethyl 3, 
4-diphenylpiperidine but only unchanged starting material was 
isolated. 
Dehydrogenation with PalladiiHn on charcoaL 
Palladiiim on charcoal^^^^ is frequently xised as a 
catalyst in dehydrogenations. The reactions are often carried 
out in the presence of compounds auch as maleic anhydride or 
maleic acid which can easily take up hydrogen as it is 
(47) 
liberated from the molecule being oxidised« Wenkert et alo , 
working on the synthesis of indole alkaloids, recently 
reported a dehydrogenation using palladium and maleic acid 
in aqueous solution. 
The compound was reflvixed first in maleic anhydride for 
1 hour and then using palladium on charcoal with maleic acid 
in aqueous solution at 100^ for 18 hours« On both occasions 
the only product isolated was unchanged N-ethyl 3, 4-diphenyl-
piperidineo 
Bromination - dehydrobromination 
Substitution of bromine at allylic and benzylic positions 
followed by dehydrobromination is a common procedure (e. g« 
in the steroid^^^^ and other^^^' ^^^ fields) for introducing 
double bonds in conjugation with an existing double bond 
system. 
Bromination of N-ethyl 3, 4-diphenylpiperidine was 
carried out using N-bromosuccinimide as the brominating agent 
and benzoyl peroxide as the free radical initiator. As 
reported by Spence, succinimide was formed but isolation and 
identification of any other products is still proceeding« 
(19) 
Furthermore, it is intended to try molecular bromine^ ^ and 
(29) 
tetramethylamraonium tribromide^ ' as brominating agents« 
ii) Cyclisation of Stilbene Derivatives to 
Substituted Phenanthrenes 
The Pschorr Synthesis 
The most common current method for the synthesis of the 
phenanthrene skeleton of phenanthroindolizidine and aporphine 
(41) 
alkaloids makes use of a scheme first developed by Pschorr^ 
The nitro group of the 2'-nitro-cis-stilbene or l-(2' nitro-
phenyl), 2-phenylethane structure is reduced selectively to 
an amino group« Diazotisation and treatment of the 
diazonixam salt with copper powder results in evolution of 
nitrogen with simultaneoxas ring closure to the corresponding 
phenanthrene or 9,10-dihydrophenanthrene respectively« 
It was with this method in mind that the lyíLchael 
condensation between ethyl 3, 4-dimethoxy-6-nitrocinnamate 
and phenylacetointrile was attenpted« The reaction was 
carried out under a number of different experimental 
conditions but none of them proved to be successful« This 
was probably due to the fact that the nitro group, by virtue 
of its strong electron withdrawing effect made electron 
distribution over the double bond of the cinnamic ester 
unfavourable for condensation. It is intended to try thia 
reaction with nLtro substituted phenylacetonitriles« 
Photocyclisation of Stilbenes 
The photochemical cis - trans isomerisation of stilbenea 
and the photoconversions of both cis - and trans - stilbenes 
to the corresponding p h e n a n t h r e n e s h a v e been reported 
by nijmerous investigators o 
The photocylisation of stilbenes under the influence of 
ultraviolet light and in the presence of suitable oxidants 
is thought to proceed via the cis-stilbenes• techanistic 
studies indicate that the cis-stilbene, in its lowest excited 
singlet state, cyclises to a dihydrophenanthrene which under-
goes hydrogen abstraction by the oxidant present to give the 
corresponding phenanthrene. A mechanism for the cyclisation 
(35) 
sequence (cf. Fig. 9) has been proposed^ on the basis of 
experimental evidence and after consideration of the various, 
species which may be formed when a molecule of stilbene absorbs 
a photon« 
Mallory et al*^^^^ have conducted experiments to develop 
this cyclisation reaction into a general synthetic method for 
the preparation of substituted phenanthrenes and have 
demonstrated the need for the presence of oxidants (e,go 
molecular oxygen and iodine) in the reacting solutions. 
Others^^^^ have sho\^ that photocyclisation takes place in a 
number of different solvents including chloroform, ethanol, 























probably explain the report by Riissel̂  that irradiation 
of a chloroform solution of the alkaloid septicine, in the 
presence of iodine, yielded a mixture of, among others, 
tylophorine and tylocrebrine. 
The conversion of 3, 4-diphenylpiperidine to the 
e 
stilbene derivative 3, 4-diphenyl-A - piperi4ine was 
treated in an earlier section. Although this has not yet 
been achieved it was considered worthwhile to investigate 
the irradiation of N-ethyl 3, 4-diphenylpiperidine itself« 
The reaction was carried out in chloroform, cyclohexane 
and dimethylformamide in the case of the base and in water 
when using the hydrochloride. All solutions contained 
molecular iodine and were aerated. In all experiments 
starting material could be recovered almost quantitatively 
and thin layer chromatography of samples taken at various 
intervals during irradiations showed that no change had 
taken placeo 
Photocylisation of lodoaromatLc Compounds 
The photolysis of a large number of halo-aromatic 
compounds have been stiodied, particularly by Shamia and 
Kharasch^^^^ and that of iodoaromatic compounds has been 
shown to yield biphenyl and polyphenyl derivativeso 
Experimental evidence indicates that the reaction proceeds 
via a free radical mechanismo 
/OQ \ 
Kupchan and Kanojia^ have developed this approach 
for the synthesis of a number of aporphine and non-aporphine 
A successful conversion of tWls type is shown (Fig. 10) 
Figo W 
and has been used for a variety of R, R' and R" substituentso 
An earlier photocynthetic approach to aporphines and 
related compotmds was the photocyclisation of 2'-i0Q0-ciS" 
stilbenes. Kupchan and Wormser^^^^ ^^^ have not only 
demonstrated its wide applicability by studying a large number 
of iodo-stilbenes but also used it to prepare Aristolochie 
acid, a natural product which had not been readily accessible 
by other approaches• 
The structural relationships between aporphine alkaloids 
and phenanthropiperidines indicate that this procedure may be 
applicable to the synthesis of the latter compounds as well. 
It is intended that the present investigation should also 
include Michael reactions between esters and nitriles which 
carry ortho- iodo substituents in order to investigate the 
photocyclisation of 3-phenyl-4-(2'-iodophenyl)-piperidine 
derivatives to 3', 4' : 9, 10-dihydrophenanthropiperidines 
(Fig. 11) or of 3-phenyl-4-(2'-iodophenyl)-A ^-piperieines 
to phenanthropiperidine derivatives (Fig. 12). 
0 
o 






4, EXPERIMENTAL SECLKM 
Melting points were determined on a micro-melting point 
apparatus and are uncorrected. â.croanalyses were carried 
out by the Australian ̂ íLcroanalytical Service, C.S.I.R.O., 
^íelboume, mder the direction of Mr. R. D. llacDonald and by 
Dr. E. Challen in the Microanalytical Laboratory of the School 
of Chemistry, University of N.S.W., Kensington« 
Infrared spectra were determined using a Perkin-Elmer 
237 Grating Infrared Spectrometer and ultraviolet spectra 
\ising a Perkins-Elmer 137 U.V. Ultra-violet-visible 
Spectrophotometer. N.M.R. Spectra were determined at the 
University of N.S.W. using a Varian A60 instrument. 
Ultraviolet irradiation experiments were carried out 
using an internally mounted Hanovia Photochemical Reactor. 
1) Preparation of 3̂  4-dimethoxycinnamic acid 
A mixture of 30 g (Ool7 mole) of veratraldehyde, 30 g 
(Do3 mole) of malonic acid, 60 ml of pyridine and 6 mi. of 
piperidine was heated on a watfer-bath for four hours. The 
reaction mixture was then poured into 300 ml of 2N HCl. The 
precipitated acid was washed with dilute HCl and water and 
recrystallised from alcohol. Yield: 37g (97%). 
The white crystals melted at 180^ (lit. M.P. 
2) Preparation of 6-nitroveratraldehyde 
30 g (0.17 mole) of veratraldehyde was added, with 
vigorous stirring and over a period of half an hour, to 300 ml 
concentrateci nitric acid. The tenperature was kept between 
10 - 15° C and after a further half an hour the mixture was 
poured in to 4 1. ice water. The product was filtered, 
washed with 1 1. ice water, and recrystallised from ethanol 
to give 21 g. yellow crystals M.P. 132° (lit. M.P. 
3) Preparation of 3> 4-dimethoxy-6-nitrocinnamic acid 
This compound was prepared by the Doebner Reaction in 
the same way as 3, 4-dimethoxycinnamic acid« 21 g. 6 nitro-
veratraldehyde gave 22 g. (87%) of the product which was 
recrystallised from glacial acetic acid and melted at 295° 
(lit. M.P. 295°) 
4) Preparation of Ethyl Cinnamate 
The Fischer-Speier esterification of cinnamic acid in 
absolute ethanol, using dry hydrogen chloride catalyst, gjave 
a 90% yield of ethyl cinnamate b.p. 160° - 170° at 25 mm 
(lit. b.p. 150°, 15 
Preparation of Ethyl-4-methoxycinnamate 
The Fischer-Speier esterification of 4-methoxycinnamic 
acid is absolute ethanol using dry hydrogen chloride catalyst 
gave colourless needles M.P. 50° (lit. M.P. 50°)^^^^. 
6. Preparation of Ethyl 3, 4-dimethoxycinnamate 
The Fischer Speir esterification of 3, 4-dimethoxycinnamic 
acid in absolute ethanol using dry hydrogen chloride catalyst 
gave coloxirless prisms M.P. 53° after recrystallisation from 
ethanol (lit. M^P. max. 1695 and 1710 cm"^ (C = 0). 
7) Preparation of Ethyl 3> 4-dimethQxy 6-nitrocinnamate 
The Fischer-Speier esterification of 3,4-dimethoxy 6 -
nitrocinnamic acid gave yellow needles M.F. 150°, in 80% 
yield after recrystallisation from ethanol (lit. M.P. 
8) Preparation of Ethyl ̂  - cyano A X -dipheny 1 but y rat e 
10 ml of the sodium ethoxide catalyst solution (1 g. sodium 
in 20 ml. absolute ethanol) was added to a mixture of 10 g. 
(0.085 mole) of phenylacetonitrile and 15 g. (0.085 moLe) of 
ethyl cinnamate. The mixture was stirred, heat was evolved 
and after half an hour the mixture solidified. Recrystallisation 
from ethanol gave 19.5 g (0.067 mole) of ethyl V-cyano /S 
-diphenylbutyrate M»P. 102° (lit. M.P. max. 
1740 cm"^ (C = 0) and 2240 cm"^ (C H N). 
9) Attempted Michael Reaction between Ethyl 6-nitro 
4-dimethoxycinnamate and phenylacetonitrile 
2 ml. of the catalyst solution (0.004 mole) was added to 
a mixture of 1.2 g. (o.Ol mole) phenylacetonitrile and 2.8 g. 
ethyl 6-nitro 3, 4-dimethoxycinnamate. The mixture darkened 
on stirring but no heat was evolved. After 2 hours it was 
distributed between the two layers of a dilute acetic acid/ 
ether mixture to remove the catalyst in the aqueoiis layer. 
The washed and dried ether Layer, on evaporation, gave 
approx, 4 g» of a dark viscous oil. Thin layer chromatography 
on neutral alxjmina developed in benzene/acetone 1:1 showed a 
number of spots after charring with concentrated H2S0^, the 
mo&t prominent of ̂ ich could be identified as starting 
material. 
The reaction was repeated \ising 4 and 6 ml. quantities 
of the catalyst solution, with solid sodiiam ethoxide, 
sodamide, and trimethylamine catalysts and with benzene, 
dimethylformamide and ethanol as solvents® A number of 
temperature conditions were used and reaction times ranging 
from 1 hour to several weeks were employed, in all cases the 
reaction mixtures darkened but never solidified« Extraction 
of neutral compounds into ether always gave oils in which the 
starting materials were the main components. 
10) Reaction between Methoxyl substituted Fhenylacetonitriles 
and Sthylcinnamates - A General Preparation of Methoxyl 
substituted Cyano-estefS 
The following procedure was found, after investigation of 
a number of solvent, catalyst and temperature conditions, to 
give the best yields of the cyano-esterso 
0«01 mole of the phenylacetonitrile was added to 0.01 
mole of the ethyl cinnamate and the mixture warmed till 
molteno 0.002 - 0#003 mole of sodium ethoxide catalyst in 
ethanol (1 go soditun in 20 ml. absolute ethanol) was then 
added to the melt with stirring» The mixtures darkened. 
beca0^e viscous and were stored in the fridge until 
solidification occurred« 
The resulting yellow solids were washed alternately 
with dilute acetic acid and water until all the coloured 
impurity had been removed. They were then taken up on hot 
dioxan and precipitated with water and the process was 
repeated until crystallisation began to occur. They were 
recrystallised from alcohol/water and finally from benzene/ 
peto ether (bop. 40-60®)o 
The infra-red spectra of the products showed shifts in 
—1 -1 
the carbonyl bands to the region of 1740 cm from 1695 cm 
in the original ethyl cinnamates. The presence of nitrile 
was indicated by the weak band at about 2240 cm • 
Results and analjrtical data are recorded in Table 3. 
ì 
Ethyl Cinnamate 










R' = phenyl 
Colourless needles M.F. 108° 
Yield: 85% 
C H N 
Found: 74.5 6.6 4.6; 
Cale, for: 74.3 6.6 4.3 
R 3, 4 dimeth-
oxyphenyl 
R ' = phenyl 
Colourless needles M.F. 
Yield: 87% 
C H N 
Found: 71.7 6.6 4.2 
Cale, fort 71.4 6.6. 4.0 




Colourless needles M.P. 128° 
Yield: 85% 
C H N 0 
Found: 68.7 6.6 3.5 20.9 
Cale, for: 68.9 6.6 3.6 20.9 
C22H25O3N 
R = 3, 4 diraeth-
oxjrphenyl 
. R' = 3, 4 di-
me thoxy phenyl 
Colourless needles M.P. 113° 
Yield: 93% 
C H N 0 
Found: 66.8 6.6 3.4 23.2 
Cale, for: 66.8 6.6 3.4 23.2 
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11) Preparation of Copper Chromite Catalyst^^^^ 
Concentrated ammonia solution was added to a filtered 
solution of 25 go (0.098 mole) of ammonium dichromate in 
100 ml. of water until the solution became yellow. This 
was added with stirring to a solution of 48,3 g. (0,16 mole) 
of cupric nitrate trihydrate in 60 ml. of water. The red-
brown precipitate formed was filtered, washed and dried 
overnight in an oven at 100^. The solid material was then 
finely powdered and gently heated in a porcelain crucible 
until no more fumes were evolved« The product, a fine 
black powder, was then suspended in 10% acetic acid, filtered 
and washed with water. Overnight drying at 100^ and a 
final powdering gave 19oO g. of the copper chromite catalyst. 
12) Catalytic reduction of ethyl )(cyano /S, Y - diphenyl-
butvrate using ethanol as solvent 
12 g. (0.045 mole) of ethyl ̂ -cyano "^-diphenyl-
butyrate in 150 ml. of absolute ethanol with 9oO go of copper 
chromite catalyst was subjected to a hydrogen pressure of 150 
atm at 180^ for 3 hours in a high pressure cylinder. After 
cooling the mixture was filtered to remove the catalyst and 
the ethanol evaporated off to give an oil. The oil was 
dissolved in 350 ml of 5 N hydrochloric acid, extracted with 
ether, basified with concentrated NH^ solution and extracted 
again with ether. The latter ether extract was dried over 
50 o 
anhydroiis magnesium sulphate and evaporated® The clear oil 
remaining deposited 3«5 g. of colourless needles M.P. 62^ 
on standing. A further 1.3 g. of colourless crystals M.P. 60^C 
were obtained on crystallisation of the mother liquors from 
ethanol/water. After recrystalisation from ethanol the 
total yield was 4.5 g. (40%) of colourless needles M.P. 68^. 
The recorded melting point of one isomer of N-ethyl 3, 4 -
diphenylpiperidine is 71^ ^^^K 
Xmaxo 252, 257 and 264 m ^ . 
l̂ Hien no further crystalline material could be isolated 
the mother liquors were diluted with water and extracted into 
ether. The ether extract was dried over anhydrous magnesium 
sulphate and evaporated« The oil remaining was taken up in 
20 ml. of dry acetone and 0.1 ml. concentrated Hydrochloric 
acid added dropwise. Addition of 5 ml. of ether caused 
crystallisation to occur and the solution deposited 2.8 g. 
of a hydrochloride M.ir. 265^. Re crystal lis at ion from acetone/ 
ether mixture gave 2.7 g. (30%) of colourless needles M.P. 273°. 
The recorded melting point of the hydrochloride of another 
isomer of N-ethyl 3, 4-diphenylpiperidine is 273° 
Amax. 252, 257 and 264 my/ . 
13) Catalytic Reduction of Ethyl V -cyano ß . V diphenyl 
butyrate using cyclohexane/l-methoxypr6panol--2 solvent 
4 g. (0.015 mole) of the cyano-ester, lo35 g. (0.015 
mole) l-methoxypropanol-2 and 1.5 g. copper chromite catalyst 
in 100 ml. of cyclohexane was subjected to a hydrogen 
pressure of 120 atm. at 150° for 3 hours in a high pressure 
cylinder. On cooling the catalyst was removed by filtration 
and the solvent by evaporation. The oil remaining was 
distributed between the two layers of a 2 N hydrochloric 
acid/ether mixture. The ether layer was washed and dried 
over anhydrous magnesiijra sulphate and the ether removed by 
evaporationo The resulting oil was taken up in 5 ml. of 
hot acetone and this solution on cooling deposited 0.9 g. of 
a neutral white compound M.P. 190^. Pve crystal lis at ion from 
ethanol/water gave colourless prisms M.P. 194^ of 4, 5 -
diphenylpiperidone-2 (lit. M.P. 
Found: C, 81.2; H, 6.9; N, 5.3; 0, 6.8 
C^^H^yON requires: C, 81.2; H, 6.8; N, 5.6; 0, 6.4 
"Omaxo 1670 (C = 0) and 3190 (NH) cm"^. 
^max. 252, 257 and 264 m/A- . 
The N.M.R. spectrum in deuterated chloroform shoxved 
signals at T 2.8 and 3a2 (large multiplets, 10 phenylprotons), 
6.4 (broad multiplet, 4 protons H4, H5 and 2H6), 7.2 (doublet, 
2 protons 2H3) andaa2 (singlet, 1 proton HI). 
The I.R. and U.V. spectal data compare closely to those 
published for 3, 4-diphenylpiperidone-2^^^^. 
The aqueous layer, after removal of the neutral conç)omd, 
was basified and extracted into ether. The solvent was 
removed by evaporation and the oil remaining was taken up in 
5 ml. acetone. 0.1 ml. concentrated hydrochloric acid was 
added dropwise and on cooling the solution deposited white 
crystals M.P. 250®. This hydrochloride was recrystallised 
from ethanol/ether and the purified product taken up in 20 ml. 
50% aqueous ethanol and basified with concentrated ammonia. 
On standing the solution deposited lol g. of white plates 
M.P. 84^ of 3, 4-diphenylpiperidine (lit. M.P. An 
N-nitroso derivative M.P. 109^ was prepared. 
Found: C, 85^9; H, 8.1; N, 5.9 
C H N requires: C, 86.0; H, 8.1; N, 5.9 
max. 3,330 cm"^ (NH) 
A max. 252, 257, and 264 m ^ . 
The N.M.R. spectrum run in deuterated chloroform showed 
signals atT^2o9 (broad multiplet, 10 phenylprotons) and a 
series of broad complex multiplets fromT'6.7 to 9.0 
corresponding to the remaining 9 protons. This spectrum was 
not sufficiently resolved for a more complete assignment of 
signals. 
The reduction was repeated under the same conditions but 
in the absence of methox3^ropanol. The same 4, 5-diphenyl-
piperidone-2 and 3, 4-'diphenylpiperidine were isolated. 
Samples of the mixtures from reductions in ethanol, 
methoxypropanol/cyclohexane, and cyclohexane were 
chromatographed on silicia plates developed in acetone/benzene 
(1:1). Detection of spots was made by charring with concentrated 
sulphuric acid and almost all of them could be identified as 
either starting material, reduction intermediates or final 
products by comparison with authentic samples. 
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14) Reduction of 4, 5-diphenylpiperidone-2 by Diborane^^^^^^^ 
0 . 5 g. (0o002 mole) 4 , 5-diphenylpiperidone-2 and 0 e 5 4 
C 0 o 0 1 3 0 mole) sodium borohydride were stirred at with 3 0 ml. 
of diglyme. To this was added over a period of 15 minutes, 
7.0 g. ( 0 o 0 0 4 8 mole) of boron trifluoride diethyletherate in 
10 ml, of diglyme. The reaction mixture was stirred for 1 hour 
at 25° and for a further 2 hours at 70° after which it was 
poured into water, basified with concentrated ammonia and 
extracted from this ether layer by 2N hydrochloric acid. 
Evaporation of the ether layer gave 50 mg. of mchanged 4, 5-
diphenylpiperidine but basification and extraction of the 
aqueous layer gave, on removal of the ether and recrystallisation 
from alcohol, 400 mg. white plates M.F. 84^ The N-nitroso 
derivative melted at 109° and conparison with the infrared 
spectrum of an authentic sample confirmed that it was 3, 
diphenylpiperidineo 
15) Reduction of 4, 5-diphenylpiperidone-2 with Hydrogen 
poS g. (0.002 mole) 4, 5-diphenylpiperidone-2 in 20 ml« 
cyclohexane and with 0o5 go of the copper chromite catalyst 
was subjected to a hydrogen pressure of 150 atm at 150° for 
3 hours in the high pressure cylinder. After removal of the 
catalyst by filtration and evaporation of the solvent, the oil 
remaining was crystallised from ethanol to give 400 mg. of 
white plates MoF. 84°. The N-nitroso-derivative melted at 
109° and the infrared spectnam confirmed that it was 3, 4 
S7 
diphenyIpiperidine; identical with that obtained by reduction 
with diborane and with the authentic material. 
16) N-alkvlation of 3, 4'-'diphenylpiperidine 
500 mg (0o002 mole) 3, 4-diphenylpiperidine in 50 ml. 
absolute ethanol and with 500 mg, of the copper chromite 
catalyst was subjected to a hydrogen pressure of 150 atm. at 
150^ for 3 hours in the high pressure cylinder. The solution 
was filtered to remove the catalyst and the solvent removed 
by evaporation. The oil remaining was recrystallised from 
ethanol/water to give 400 mg. of colourless needles M.P. 67^. 
í̂ixed melting point determination and comparison of the 
infrared spectra confirmed that it was N-ethyl 3, 4'diphenyl-
piperidine. 
17) Catalytic Reduction of Ivjethoxyl-substituted Cyano-
esters "in Alcohol as solvent 
O.Ol mole of the cyano-ester and 5 g. of the copper 
chromite catalyst in 250 ml. absolute ethanol were subjected 
to a hydrogen pressure of 175 atm. at 150^ for four hours« 
After cooling, the catalyst was removed by filtration and the 
solvent evaporated off<> The oil remaining was dissolved in 
200 ml. of 5 N hydrochloric acid and any traces of neutral 
compound removed by extraction into ether« The aqueous 
solution was then basified with ammonia and extracted into 
ethero In each case crystallisation, from alcohol, of the 
oil remaining after removal of the ether yielded colourless 
needleso When no more crystalline material could be 
5;8o 
isx)lated the mother liquors were diluted with water and 
extracted into ether« Drying and evaporation of the ether 
extracts yielded oils which were dissolved in acetone and 
treated with a few drops of concentrated hydrochloric acido 
Addition of small amounts of ether and cooling of the 
solutions resulted in the precipitation of hydrochlorides, 
Recrystallisation to constant melting point was carried out 
in ethanol for the bases and in acetone-ether for the 
hydrochlorides. Results and yields were as in Table 4o 




R ' CN 
N'-ethyl 3,4-diphenylpiperidine 
R 
Rf N E t 
Unsubstituted R = R' 
= phenyl 
Colourless needles M.P. 68^ 
(lit M.P. 
Yield == 63% 
Hydrochloride M.P. 273̂ ^ 
(lit M.P. 
Yield = 27% 
R = 4 methoxyphenyl 
R« « phenyl 
Colourless Needles M.P. 73^ Yield 61% 
Hydrochloride M.P. 242.® Yield 30% 
C H N 1 
Found: 81.6 8.6 
C2QH23ON requires: 81 o3 8.5 4o8 
R = 3, 4 dimethoxy-
phenyl 
R" = phenyl 
Colourless needles M.P. 86° Yield 45% 
Hydrochloride M .P .238° Yield 40% 
C H N 
Found: 7 7 o 8 8 o 4 4 ^ 5 
C2^H2J02N requires: 77.5 8o4 4o^ I 
R 3, 4 dimethoxy-
phenyl 
R' = 4 methoxyphenyl 
Colourless needles M.P. 60° Yield 52% ; 
Hydrochloride M.P.200° Yield 31% 
C H N 
Found: 7406 8.1 
7 4 o 3 8 o 2 
R - R' - 3, 4 di-methoxyphenyl 
Colourless needles M.P. 130° Yield 55% 
Hydrochloride M.P.251° Yield 12% 
C H 
Found: 72ol 8o3 
^23^31^4^ requires: 71.7 8.1 
18) Oxidation with Seleniijm Dioxide 
250 mgo ( O o O O l mole) N-ethyl 3, 4^diphenylpiperidine 
and 200 mg. of selenium dioxide in 30 ml. ethanol was 
refluxed on a water-bath for 3 hours o During this time a 
fine yellow, turning red, precipitate of elemental selenixam 
formed. The solution was filtered, diluted with water, 
basified with ammonia, and extracted into ether« The ether 
solution was washed with water, dried, and evaporated. The 
oil remaining crystallised from ethanol to give 220 mg. Q)f 
white needles MoP. 65^. Mixed melting point determination and 
comparison of the U.V. spectra confirmed that it was 
unaltered starting material« 
The oxidation was repeated in glacial acetic acid at 
100^ for 6 hours and again in acetic acid under reflux for 
8 hours. The base recovered in both cases was unaltered 
starting materialo 
19) Oxidation with Lead Tetraacetate 
500 mgo (0o002 mole) N-ethyl 3, 4-diphenylpiperidine 
and lo33 go (0o003 mole) lead tetraacetate in 30 ml. glacial 
acetic acid were heated on a boiling water bath for 2 hours« 
The solution was poured into 200 ml. water and lead 
precipitated from the acidic solution as its sulphide« The 
acid solution was then basified and extracted into ether» 
The evaporated ether solution gave a colourless oil which 
crystallised to give 350 mg« white needles M^P. 68̂ « Mixed 
Daelting point determination and con̂ )arison of the U.V. 
spectra confirmed that no change had taken place. 
This reaction was repeated with refluxing for 4 hours 
in glacial acetic acid but again only unaltered starting 
niaterial was isolated. 
(20) Oxidation with Mercuric Chloride 
250 mgo (0.001 mole) N-ethyl 3, 4-diphenylpiperidine 
was dissolved in 50 ml. 0»1 N sulphuric acid and the 
solution just neutralised with saturated potassium bi-
carbonate. It was then buffered to pH6 by the addition 
of 200 ml. of a citric acid phosphate buffer and 50 ml. of 
a 5% mercuric chloride solution added. The mixture was 
heated on a water bath for 2 hours during which time a 
yellow precipitate formed. The precipitate was removed by 
filtration dissolved in 2 N sodium h5rdroxide and extracted 
into ether« Evaporation of the ether showed that it 
contained no bases. 
The filtrate was treated with 30 ml. concentrated 
sulphuric acid and extracted with chloroform. The chloroform 
layer was evaporated and the oil remaining basified with 
2 mlo concentrated ammonia, 10 ml. hot aqueous alcohol added, 
and on cooling the solution deposited 150 mg. of the 
starting material. The aqueous layer was basified with 10 N 
sodium hj^roxide and an orange precipitate formed. The 
slurry was extracted with ether and the ether layer washed. 
62o 
dried and evaporated. Crystallisation of the oil remaining 
yielded a further 75 mg. of the starting material. The M.P., 
mixed melting point, and U.V. spectrum showed that no 
change had taken place« 
21) Palladitmi Dehydrogenation 
a) With Maleic Anhydride 
500 mgo (0.002 mole) of N ethyl 3, 4-diphenylpiperidine 
100 mgo 10% palladium on charcoal and 20 g. maleic anhydride 
were warmed slowly till molten and then refluxed for 20 
minutes. The mixture solidified on cooling and was 
dissolved in 400 ml. of 2N hj^rochloric acid. This solution 
was filtered to remove the charcoal and then basified with 
concentrated sodium hydroxide, extracted into ether and the 
ether layer washed, dried and evaporated. 
Crystallisation, from alcohol, of the oil remaining 
yielded 450 mg. of crude product M.F. 62°. Recrystallisation 
from alcohol water yielded 400 mg. of white needles M.P. 63°. 
Comparison of the ultraviolet spectra with that of the 
authentic sample confirmed that it was unchanged N-ethyl 3, 
4^diphenylpiperidine. 
b) Using Maleic Acid 
300 mgo (OoOOl mole) of N - ethyl 3, 4-diphenylpiper-
idine hj^rochloride, 250 mg. 10% palladium on charcoal and 
1 g» maleic acid in 25 ml o water were heated on a water-
bath for 20 hoxirs. The solution was filtered and made 
alkaline with 5 N sodiinn hydroxide and extracted into ether. 
The ether layer was dried over anhydrous magnesium sulphate 
and evaporated to give an oil which was recrystallised from 
alcohol/water. The product, 200mg. of colourless needles, 
melted at 68^ and comparison of the U.V. spectrum with that 
of the authentic sample confirmed that it was unchanged 
starting material« 
22) Allylic Bromination with N-bromosuccinimide 
500 mgo (o.oo2 mole) N-ethyl 3, 4-diphenyIpiperidine, 
500 mg. (0o0025 mole) N-bromosuccinimide and 50 mg, benzoyl 
peroxide were refluxed in 50 ml, redistilled carbon tetra-
chloride for 2 hourso On cooling, colourless needles of 
succinimide M,P. 115^ (lit, M.P. formed, indicating 
that bromination had taken place« The succinimide was fil-
tered off and the filtrate evaporated to give a clear yellow 
oil. Attempts to crystallise the oil or to obtain its 
hydrochloride are still proceeding. 
23) The Ultraviolet Irradiation of N-ethyl 3, 
4-diphenYlDiperiaine 
A mixture of 500 mg. (0.002 mole) of N-ethyl 3, 
4-diphenylpiperidine, 50 mg. I2 and 12 mg. benzoyl peroxide 
in 250 ml. cyclohexane was irradiated with the internally 
mounted UoV. lanqi for 8 hours. The solution was kept at 
room temperature by a eurrounding ice-bath and was aerated 
by drawing a stream of air bubbles through the solution. 
After irradiation the solution was evaporated to dryness and 
the oil recrystallised from ethanol/water. This gave 450 mg, 
colourless needles M.P. 68^ and conparison of spectra 
confirmed that it was starting material. 
The reaction was repeated with chloroform and dimethyl-
formamide as solvents and on the N-ethyl 3, 4-diphenylpiper-
idine hydrochloride in an aqxieous solution. In each 
experiment starting material was recovered almost quantitatively. 
In all experiments samples of the solution being 
irradiated were taken at 2, 4, 6 and 8 hour intervals and 
spotted on Whatman No. 1 papers. These chromatograms were 
developed in a butanol/acetic acid/water tank and showed 
that no reaction had taken place during the irradiation. 
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